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THE DESIGN OP THE OPTIMUM HULL FOR A 
LARGE LONG-RANGE FLYING BOAT 
By John B, Parkinson 

SUMMARY 



Principles for designing the optimum hull for a 
large long-range flying boat are proposed to suit the 
requirements of mlnlrrum drag, seaworthiness, and ability 
to take off and land at all operational gross weights. 
The principles Include the use of moderate gross-load 
ooefflclents , ample forebody lengths, and ddep steps and 
the close adherence of the form to that of a streamline 
body of revolution with a moderate fineness ratio. 

The validity of the design principles is Illustrated 
by the results of tests in NACA tank No. 1 and in the 
NACA two-dimensional low- turbulence pressure tunnel of 
the form of the hull for a UOO, 000 -pound transport 
flying boat. These results indicate that for large air- 
planes satisfactory hydrodynamlc characteristics can be 
attained without an undue penalty In flight performance 
caused by the drag of the step and the ohlnes. 

The effect of size on the proportions and the take- 
off performanoe ojf long-range flying boats Is shown for 
three hypothetical flying boats having gross weights of 
1^0,000, 300,000, and 1;80,000 pounds and the same wing, 
loading, power loading, and hull loading. When these 
loadings are held constant, the size pf the hull relative 
to the wing and the take-off time and distance are 
decreased as the gross weight is Increased. 

The hvi-ll of the flying boat, aside from Its Inherent 
ability to take off and land at sea, provides an Immediate 
solution for the landing-gear problem of large long-range 
airplanes. 
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The optimum hull for a long-range flying boat la one 
that performs the functions of a fuselage, flotation gear, 
and landing gear with the minimum of weight and drag. 
The ideal "hull would be a streamline body of revolution 
with its maximum radius determined by the space for useful 
load and Its fineness ratio determined by the length from 
the center of gravity to the tail surfaces. 

Practicable hulls depart from the ideal in ordor to 
meet the following additionsl requirements that must be 
approximately satisfied if the flying boat is to be a 
self-sufficient and reliable unit of transport atl on i 

(1) Seaworthiness In sheltered waters and moderate 
opon-sea conditions. By seaworthiness Is meant the 
ability to operate successfully es a sTirface boat with- 
out undue damage or danger from wind, waves, and spray. 

(2) Ability to taVe off and land on tlie water at 
all operational gross weights. This requirement Incltidea 
(a) water resistance low enough for reasonable take-off 
time and distance and (b) adequate hjrdrodynamic stability 
and control in pitch, yaw, and roll. 

The best all-round compromise among aerodynamic, 
hydrodynamic , and structural requirements devised so 
far is the widely used V-bottom planlng-type hull con- 
sisting of a forebody planing surface wjth the angle of 
dead rise Increased at the bow to give sharp water lines, 
a step slightly aft of the center of gravity, and a 
pointed afterbody planing surftice set at an upward angle 
with reference to the forebody. Such a hull blends with 
the airplane design in much the same way as a londplane 
fuselage except that a high location of the wl.ng and a 
single vertical tall are desirable for clearance from 
spray. The V-bottom permits a reasonable weight of 
structure. The hull trl.iis naturally at low water speeds 
for acceptable mazinum (hump) resistance ^rith the power 
loadings normally required in flight and for the minimum 
spray from the forebody. At planing speeds It is ".on- 
trollable in trim and can be pulled up for take-off. 
Its stability is such that it can bo maneuvered and 
operated by the usual flight controls. 
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The adaptation of the type of hull described to 
various seaplane designs and research on Its piroportlons 
and ah&pe h&ve been the principal activities of the 
seaplane towing tanks. ■ The results of this work, together 
with extensive full-scale experience, enable the design 
of a large long-range seaplane to be approached with 
reasonable assurance that the design of a satisfactory 
hull can be accomplished with a reasonable amount of 
tank testing In addition to the usual wind-tunnel testing. 

In this report, certain principles for the design 
of hulls for large long-range flying boats based on the 
accuimilated experience of the KACA tanks are proposed. 
Their validity as applied to large airplanes Is established 
by the results of an Investigation of the hull of a 
14.00,000-pound cargo flying boat, incorporating the 
principles and tested at the NACA laboratory at Langley 
Field, Va. PrelliTilnary desijipis of three rlmllar flying 
boats with the same form of hull are presented to Illus- 
trate the possibilities of water -based airplanes in the 
range of grosF weights from 100,000 to 500,000 pounds 
and to indicate the effect of cross weight in this range 
on the relative size of hull to wing and on take-off 
performance . 



DESIGN PRINCIPLES 



The finul form of a flying-boat hull is obtained from 
a succession of tliree-vJew outline drawings of the air- 
plane, in which proportions and shape are adjusted until 
all the requirements are met in as satisfactory a mcnner 
as poss-*ble. Thin process entails a number of com- 
promises and demands on the part of the designer, famili- 
arity with all the aerodynamic, structural, end hydro- 
dynamic principles Involved, plus a sixth sense of what 
looks right. Tlie detail design of the hull cannot be 
underta^cen until the three viev/s demonstrate that its ^ 
shape and proportions blend harmoniously with the other 
components and the over-all design of the airplane. 
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Proportions 

Aside from the fundamental requirements of cublo 
capacity and minimum dragj the proportions of the hull 
are largely dependent on the mazlmum gross weight , .whloh 
deterninea the buoyancy and size of the planing surf ices 
required. A sound and not over-optlmlstlc estlnate of 
the gi'oss weight Is the most Important contribution to 
a siiccessful hull design. An overlofided hull will 
surely have Inferior seaworthiness and hydrcdynaiflc 
characteristics that v;lll IjnJt the pay load carried In 
everydaj service or will result 3n ex.cesslv6 maintenance 
and repair. It Is well to recognize this principle at 
the start by baaing the hull proportions on a weight In 
excess of the first assunptlon in order to pIIow for the 
Inevitable increases during the progress of the detail 
design. 

Beam.- The beam may be selected by use of the 
exprecsTon 

= (1) 
^o v.'b5 



vhere 

Ca gross-load coefficient 
"o 

Aq grops load, pounds 

w specific weight of sea water <Cli Ib/cu ft) 

b maximum beam over chln'ss, feet 

ValueF of C^^ vary widely in practice. Tarller 

flying boats averajjed about 0.?5 t)ut there has been a 
continual trend toward higher beam loedlngs in an attempt 
to reduc3 frontnl area. Jresent-day Faval y.atrol bombers 
average about C.Q to 1.0, whloli perliaps L«i too high 'for 
general -purpose car^o or -pftssenger airplanes, txtenslve 
experience with t any mods Is- a.id available information on 
full-size operation indicate that best over-all results 
are obtained with more moderate values of ranging 

from 0.5 to 0.3, depending on the degree of conservatism 
desired. 
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As far as low-speed spray and general seaworthiness 
are concerned, the permissible values of are asso- 

ciated with length-beam ratio because the detrimental 
effects of a small beam can be to some extent compensated 
for by increasing the length. How far this principle can 
be carried is a subject for further research and, in the 
meantime, satisfactory results are more certain with the 
more moderate beam loadings. The acceptance of tliis 
principle will avoid some of the practical difficulties 
encountered with heavily loaded hulls and the extensive 
towing-basin tests required to make them tolerable for a 
new design. 

Length. - The over-all length is made up approximately 
of the length of forebody plus the required distance from 
the center of gravity to the tail surfaces. The length 
of forebody is based on the seaworthiness required for 
the intended service. 

It is shown tn reference 1 that the length-beam 
ratios of the forebody for various flying boats in service 
are related by the expression 

where is the length in feet of the forebody from 

bow to step snd k is a coefficient ranging from O.O525 
for boats with very light spray to 0.0975 boats with 
excessive spray. Satisfactory seaworthiness and low-speed 
spray characteristics may be obtained for flying boats 
with the values of proposed previously and a design 

value of k of O.O675 or less. 

The optimum length of the afterbody from step to 
stempost is also a subject for further research, 
particularly in regard to dynamic stability and landing 
characteristics. It is influenced primarily, however, 
by the buoyancy required aft of the center of gravity 
for acceptable trims' at rest and the dynamic lift required 
at the hump speed for acceptable hump trims and hump 
resistance. Above the hump speed, the afterbody serves 
no useful purpose with regard to stability or resistance 
except as a fairing for the forebody in flight. For 
hulls with normal proportions, afterbody lengths 
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from 2.3 to 2.7 beams have proved satisfactory and an 
average value of 2. 3 may be assixtned In advance of 
tovlng-baaln testa of the speolflc design. 

Depth . - The depth of the hull Is &s Important a 
dlirenalon as the beam, as far as frontal area, surface 
area, and drag are concerned. When the wing root Is In 
the hull, as Is usually the case, the depth of hull Is 
greater than that of the equivalent fuselage for a land- 
plane In order to provide spray clearance for the 
propellers end aerodynamic surfaces. The Increment In 
depth reqjlred mtty be Vept to a mlnlimvm by the ■'ise of 
moderate hull loadings because the height of the ppray 
Is a function of the bottom pressures. The spray 
normally strikes the flaps end horizontal tall. hoY,ever, 
at speeds at which the bow Is out of the water and the 
length of forebody has relatively little Influence on 
the apray; hense this spray Is a function of b6.am 
loading alone ruther than the length-be cm ratio. 

There is no particular advantage in the use of very 
narrow beams to reduce frontal area If the hull must be 
made correspondingly deeper to obtain spray clearances. 
The optlm^Lun ratio of beam to height has not been 
deterrn.lned. The best rule Is to adhere to the moderate 
hull loadings proposed and make the depth compatible 
with the ^^oneral design. 

Depth of step . - It is a natural tendency to use as 
small a depth of step as possible In order to keep the 
cilsoontlnu? ty in fom end structure as well as the hump 
resistance- at a minimum. If the step Is too shallow, 
however, the water resistance at high speeds is Inordi- 
nately high and the hull becomes violently unstable near 
the tal^e-off and landing speeds. The Instability results 
In Jump take-offs and skipping below flying speed, which 
ere extremely hazardous and may even be catastrophic. 
The choice of the depth of step therefore demands the 
utmost consideration. 

The n.inlmiam depth of ctep to avoid the hydrodynamio 
instability may be determined experli.ientally by tank 
tests of a dynamically similar model of the airplane. 
Tt is shown in refsrence 2 that, with vilrxft loadings of 
from 55 to ij5 Dounds per aquar:; foot, depths of 5 percent 
of the beam are inadequate for stable hlgh-attltude 
landings. The acceptance, at the beginning of the designs. 
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of a depth at the keel from 8 to 12 percent of the beam 
will ■ avoid ino3t of the operational difficulties associated 
with hTdFodynainlc instability at high water speeds. 

Angle between forebody and afterbody keels . - The 
relatively large angle between the keels forward and aft 
of the step constitutes a conspicuous difference between 
planing boats and seaplane hulls. Its principal purpose 
on the seaplane hull Is to provide clearance at high water 
speeds in order that the airplane may take off and land 
at high lift coefficients. If the ar^le between the 
keels is too low, the trim at low speeds before the huirp 
speed is too low and the resistance is higher than at the 
true hump, whereas the resistance at high planing speeds 
is too hlgrh because of the fr?.otlona] resistance of the 
wetted afterbody. If tne engle of afterbody keel is too 
high, the trills at rest and at the hump speed are unduly 
high. The best conipromtse appears to be 6*^ or 7*^' 

Relative losatlon of winp ; an -3 hull . - The beat fore- 
and-aft location of the ving with respect to the step of 
the hull is that where the stable nunge of positions of 
the center of gravity for flijht corresponds as far as 
possible to the EtaoQe rtm^e for tEtke-offs and landings. 
The locotion of tnn hydroclynant! o stable range depends on 
the relative position of center of f.ravLty and step. The 
determination of this range Is one of the main purposes 
of tank testo of a dynamic model of 6 proposed design. 
In the model tests, all the important triiuning moments, 
including those due to thrust and slipstream, must be 
slnnilated in order to predict eccurately the stable 
positions of the center of gravity of the full-size 
airplane. If the hydrodynamic stable range is too far 
aft Tjith respect to th-g aerodynamic range, the hull 
may be moved forward or, as is more convenient in later 
stages of the design, the step alone may be moved foi^ward, 
and vice versa. When the location of the step Itself is 
changed, care must be taken to maintain the proper depth 
of step by vertical displacement of the forebody or after- 
body. 

In advance of the specific model tests, the step 
may be approximately located on a line that extends 
vertically through the estimated mean position of the 
center of gravity when the airplane is In the stall 
attitude. In the case of a step having a plan form 
other than transverse. Its effective longitudinal 
position may be taken as that of the centrold or center 
of gravity of the plan- form area of the step (refer- 
ence 5 ) . 
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Shape 

'Thi.en the over-all proportions and the dimensions of 
the planing surfaces are decided upon, the mlnlmuni drag 
may be obtained If the lines of the hull conform with 
the following general principles that are self-evident 
but are sometimes overloo^ced In praotice: 

(1) The departures from a streamline body should 
be kept at the mlnlTum consistent with the desired 
hydrodynamlc characteristics 

(2) Although the actual cross sections ipjst depart 
from the ideal, the curve of section areas should follow 
that of the streamline body as closely as possible 

(5) The chines should be disposed along the probable 
flow lines around the body as far as possible, particularly 
at the bow 

(L.) The actual shape of tlifl hull at every point 
should be sirooth and fair in three dimensions "except 
for the necessary discontinuities at the chineo end 
stsp 

For gross-load coefficients leas than 0.3, a streem- 

llrie body of revolation with a moderate fineness ratio 
may be readily adapted as the basic form to follow for 
the hull lines. The probable flov; lines about such a 
body are roughly orrparent and will not be Influenced 
greatly by the addition of the V-bottom planing surfaces. 
The elevated position of the stem, which Is declrable 
for practicable hulls, may be obtained with the minimum 
of penelty in dreg by smoothly warping the ejcls of 
revolution. T-hen the height of hull Is greatly different 
from the breadth, an elliptical cross section provides 
the closest approximation to the telT'cular section of the 
body of revolution. 

The curve of section areas provides ar* additional 
guide for the proper fairing of ths lines. The fairing 
for a shape as complex as a flying-boat hull is best 
accomplished by the methods used by naval oichitects in 
obtaining the smooth, and pleasing contours of the form 
of a ship. The desired form should be so well defined 
by offsebs and measurements that little freedom remains 
in the full-size lofting of the lines. 
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Below the chides, the shape must conform to that 
found by experience to have suitable hydrodynamlc 
charfioterlstloB ,hfut otherwise should he smooth and fair 
f o^ this inlrilmvun of interference to the flow of water or 
air and for ease of construction. Anglejs .of, dead rl-Sja* ' 
exoluslve- -of ahlrief.fldrb", of ajaiarpsflmafely 2pol tos 22; ^P- . 
have heeji found to- he. generally acdeptable" In ^full^slae 
operation foR-hormal take-off s. ahd liaihdln^. - ■■ ' ' 

. " ■ ",'.'■> ■■'■' j> '"' ' ' .. -. ' ■ 

A fiindamental" principle In the fairing." of the 
forehody bottom appatetltly Is to maintain a cylindrical ' 
form of the forebody planing surface ' as far forward of 
the step as proper fairing of the lines at the bow will 
allow. A rough rule Is that the buttocks should be 
straight and parallel for at least I.5 beams forward of 
the step In order to obtain satisfactory spray resistance 
and stability characteristics, if the buttocks, remain " " 
straight too far forward i however, they will become too 
convex at- the bow and the cleanness of running at taxying 
speeds will be Impaired. "Part of the Improvement- In 
spray characteristics that results from, lengthening the 
forebody can usually be attributed to the finer water 
lines and Improved fairing made feasible by the greater 
length. 

A detailed .exposition of the shapfe below the chines 
is beyond the scope of this report. . Information regarding 
most of the important parameters of form may be fotmd in 
the various reports of fundamentell researches in the 
NACA tanks. (See bibliography.') 

* 

The form below the chines" finally adopted should 
always be Investigated In the towing, tank before the 
structural design of the hull Is begun...' During the tank 
tests, small modifications" in 'shape are sometimes found 
that offer the possibility of large Impl'ovement In. the 
hydrodynamlc characteristics but. If the "design is too 
far advanced, these modifications are difficult to 
Incorporate In the. full-size hull. 



T2FICAL APPLICATION OP ISESIGN 
PRINCIPLES AND RESULTS 



There l.s ho optimum f 6r]q of hull for all flying boats 
Just as there. Is no .optimum form of fuselage, wing section 
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or propeller for all airplanes. The hull In every case 
nruat' be tailored to fit the design by use. of the broad 
principle s outlirted and by the results of wlnd-tuxmel and 
tank teats of the most promising preliminary form. 
Adoption of the more consei^atlve principles at the 
Inception, however, will result In a large reduction In 
the experimental work. 



NAG A Model SU-PP 

NACA model Olj-FF Is one of aii extensive series of 
hulls designed ahd Investigated by the NACA for the 
purpose of- developing' forma that would combine low air 
drag vflth good hydrodynemlc qu.allties. This Invdstlgatl'on 
is described in reference If. The lines and proportions 
of model SL-FF are ' shown In figure 1. They are based on 
a streamline body of revolution having the maximum 
radius at JO percent of the length and a fineness ratio 
of 7-22. Clearance at the bow and stern are obtained by. 
warping upward the axia of revolution forward and aft of' 
the maximum radius. The lines of the forebody are exterior 
to the basic form and are auch that the height Is 6 per- 
cent greater than the beam. The depth of step and 
length of afterbody, however, are small as compared with 
those In cia?rent use, and the length from step to tail 
is too short for present-day airplane's. 

AccoMlng to equation (2), a value of k of O.0675 . 
gives a maximum practical value of Ca (equation (1)) 

y O 

of 0,67 for the length-beam ratio of the forebody used. 
The results of the tank tests reported in reference 1^. 
Indicate that the resistance and spray characteristics ' - 
at this gross-load coefficient are satisfactory. . In the 
light of more recent experience, however> the depth of' 
step and length of. afterbody are questionable with respect 
to the buoyancy needed aft end to the hydrodynamlc sta- 
bility. 

Aerodynamic tests In the ^^ACA S-foot high-speed 
tunnel (reference Indicate thet model GIl-F (6L-PF 
without the chine flare) has a mlnlmim .dreg coefficient 
of 0.098 based on frontal erea with transition fixed at 

5 percent of the length at a Reynolds number of 20. 5 x 10 . 
This coefficient is only I8 percent greater than that of 
the streamline body of revolution from which the hull 
was derived and demonstrates the validity of the 
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pj^inciple'd dh'^'wiiich the form was based. The Increase In 
'drag caused by the chine flare .was. not determined In 
these tests but can be assumed to be small. 



■• NAGA Model 155 

The . foijTH. c;^. -the: hull pf -the i|.00 yOOQ-p^und cargo 
airplane (NACA model 155)* adapted from that of model 
8i;-FF, is shown In figure 2 'and llluratrates the devla- ■ 
tiona from the standard form thought necessary or desir- 
able for thlg specif 1.C ideslgn. .-.The- maximum width was 
determined by the cargo requirements and Is somewhat 
greater than the beam over the chines. - The maximum 
gross-load coefficient Is 0.65« which Is based on a 
load well In exoess' of the nczval gross.-. weight that was 
assumed at the time pf the preliminary die sign'. ■ This 
beam loading, together with an increase'd forebody 
length-beam ratio, gives a value of ■. k of only 0.0552, 
which assures a reserve of aeaworthlneas. compatible with 
the general conservatlsin .of the de-.aign and the require- 
ments of the Intended service' as - a long-range cargo 
carrier. 

. The depth of step is 9 percent of the beam in accord 
with recent experience with skipping- and the length of 
afterbody is increased for additional buoyancy aft of the 
center of. gravity. The length of tell extension Is such 
that tlie predeterrrlned tail !..rm- is attained end the form 
aft of the stempost is carefully faired in an attempt 
to reduce the- drag of the afterbody. 

Preliminary tests of a j^^slze model in NACA tank 

No. 1 Indicated that, when the afterbody was Immersed at 
high water speeds, the flow did liot clear, the tall 
extension. A small- chine flare similar to that. of 
model 8k-PF, however, proved to be all that was required 
to make the lines satisfactory in this respect, 

Wlnd-t\annel 'tests .- Following the preliminary tank 
tests i the aerodynamTc drag of the same model in combina- 
tion with a proposed NACA low-drag wing was extensively 
invest'igated in the NACA two-dimensional low-'turbulence . 
pressure -tunnel. The significant results of the wind- 
tunnel tests are shown In figure ^, Ih which 

^^A qA . 
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frontal- are a drag coefficient 

drag of surveyed portion of wing-hull combination 

drag of surveyed portion of wing alone 

maximum crosa-sectlonal area of hull 

dynamic pressure 

The model was tested in the smooth condition and 
with transition fixed by artificial roughness at a point 
5 percent of the length of the hull from the bow. As In 
the aerodynamic tests of reference ht drag coefficients 
with fixed transition are considered more nearly repre- 
sentative of actual full-size values than the drag coef- 
ficients of the smooth model. 

With fixed transition,- the minimum dra^ coefficient 
of the hull 3s 0.0795 as compared with O.O985 for model 
8I|.-E' at approximately the same Reynolds number. In 
comparing these values-, the differences In the test 
procedures and conditions should be considered as well 
as the differences in form. 

For the smooth condition, the minimum drag cceffi- 
clent is 87 percent of the minimum drag coefficient with 
transition fixed at 5 percent of the length. This result 
indicates that laminar flow can persist over a consider- 
able portion of the forebody aft of the 5-percent point 
and that the chines at the bow are favorably disposed with 
respect to the flow. 

A fairing aft of the very deep step, having a 
length ik times the depth of step, reduces the minimum 
drag coefficient 13 percent in the smooth condition. If 
the same increment is applied to the minimum drag coeffi- 
cient with fixed transition, showix by the short-dash 
curve of figure 3, the corresponding reduction Is 11 per- 
cent. These percentages are indicative of the proportion 
of the total drag of the hull attributable to the deep 
step. 

The merit of the form is best Judged by comparing its 
drag with the drag of a flat plate having the same surface 
area. This comparison Is made in figure 3 ^7 including 



where 



"0 

Dw 
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the ziTunerloal value of the coefficient of skin friction 
with fully turbulent boundary layer at the test Reynolds 
number multiplied by the ratio of the surface area of the 
model to Its frontal area. The resulting coefficient Is 
70 peroent of the minimum drag coefficient of the hull 
vlth fixed transition and Is 79 percent of the estimated 
minimum drag co'efflclent with fixed transition and the 
step faired. The. form drag of the hull. Including the 
drag of the chines, may therefore be estimated to be of 
the order of only 21 peroent of the total drag. 

Tark tests. - Following the testa of the size model 

of the hull, the hydrodynamlc characteristics of a ^-slze 

dynamic model of the airplane, equipped with scale powered 
propellers that developed 70 percent of the scale thrust, 
were investigated. Those tests showed the design to 
have excellent take-off and landing stability, comparative 
freedom from porpoising at the desired positions of the 
center of gravity, and full clearr-nce of propellers, 
flaps, and tell surfaces fror. object li-'nable spray during 
take-offs at the full-load gross weight. Tlie only 
further modification found necear.ary was the usual adjust- 
ment of the location of the step to obtain freedom from 
porpoising at the forward positions of the center of 
gravity reqnlr'ad by the carftO loading schedvles. 

Ttie limits of stability for the final form are sliown 
in figure 1'.. The power-off trim track with the center 
of gr-^ivity at 26 rerient of the T^ern aerodynamic chord 
and neutral elevfitor is well clear of the lower trim 
limit. The porpoising at high trims and high speeds Is 
very mild, as evidenced by the small spread between the 
two branches of the upper trim limit. 

The stable range of positions of the center of 
gravity is defined conservatively by asautning the elevators 
neutral at the for'ward limits and 15° up at the after 
limits. TDurlng operation with positions of the center of 
gravity close to these limits or in the event of a power 
failure on tPke-off, serious porpoising may be averted by 
moving the elevator up when near the forward limits or 
down when near the after limits. The range shown In 
figure [{. 1b ample for the various cargo loadings assumed 
In the design. 

The stable range of positions of the center of 
gravity, power on, at a gross-load coefficient of 0,65 Is 
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from 2i|. to 36 percent of the mean aerodynamic chord, and 
the center of the range for normal operation Is at 
30 percent of the mean aerodynamic chord. With the center 
of gravity at 50 percent of the mean aerodynamic chord, 
a line through the center of gravity and the step la 
inclined at an angle of 15' 3° from a perpendicular to the 
base line as compared with an angle of trim for a full- 
stall landing of approximately 14°. 



NACA Model l30 

The lines of NACA model loO (fig. 5) Illustrate the 
use of an elliptical streamline body as the basic form 
for a hull and the essential differences in proportions 
among various applications of the seme design principles. 
The design gross-load coefficient is C.76 and the length 
of forebody to the centrold of the step Is such as to give 
a value of the coefficient k of O.0657. 

The incorporation of the V-step in the lines is in 
accordsince with results of reference 5 showing that the 
mean depth of such a step can be lees than the equivalent 
transverse step for similar landing stability. It is 
not yet established that the drag due to the V-step is 
appreciably less but the inherently smaller frontal area 
Is an Indication of a alight over-all advantage over the 
transverse step. 



THHEF PRELIMINARY DESIGNS FOR 
LARfJE TRASSFOPT FLYirG BOATS 



Tho immediate possibilities and broad technical 
aspects of large airplunes for overseas air routes are 
Illustrated by the preliminary designs .of three flying 
boats havinp gross weights of 120,000, 500,000, and 
kSO.OOO pounds. These gross weigh x;s are chosen 
arbitrarily to provide the same poT'cr loading with the 
P. & W. P-2300 engine, the F. &■ Ti-[|.36C, and an 
ev*3ntual more powerful version of the R-k^Go in comblna-. 
tlons of four, six, and eight, respectively. There are 
thus represented a four-engine airplane vithln the scope 
of present practice, a slx.-engine airplane that is the 
next logical devalopirsnt In TiTultiengJ na transports, and 
an eight-engine airplane that will follov; naturally If 
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the intermediate size proves satisfactory in all respects. 
The three airplanes are appropriately , designated t>y the 
names of three ocean birds. Shearwater, Oannetj and 
Albatross. 



Three -View Drawings 

In order to maintain coirrparable physical dimensions 
and performance for the three sized, the wing loadings 
and hull loadings are made the same, along with the power 
loadings. The arbitrary values Qhbsen for these lo,adlngs 
and the other design assumptions held constant for all 
the gross weights are given In table I. The resulting 
data and dlTrenslons for the three airplanes are given In 
table TI. The corresponding three- view drawings are 
shown in figures 6, 7»8J^ ^ fi^cl a comparison of the plan 
views to the same scale la shown in figure 9. A per- 
spective drawing of the interraedJ ate size, illustrating 
the anticipated trend for six-enflne transports, is 
given in figure 10. 

The three-view drawings show how the low-drag 
hull fits in with the other components of the structure 
and also the influence of the design assumptions on the 
proportions. The proportions of wing, hull, and tail 
surfaces change with the size because the dimensions of 
the wing with constant wing loading vary as the square 
root of the ratio of the gross weights; whereas the hull 
dimensions with constant gross-load coefficient vary as 
the cube root of the ratio of the gross weights. Inasmuch 
as the tail moment arms vary with the dimensions of the 
hull, the tall areas become a larger percentage of the 
wing area as the gross weight is increased. The sizes 
of the hulls and tall surfaces - relative to the wing - 
that follow from these dimensional relations are coinpared 
In figure 11, 

There are, of course, innumerable variations of 
loadings and dimensions possible for any of the air- 
planes-, depending on factors not taken Into account in 
the present analysis and on the individual preferences 
of the designer. It appears that, as the size is 
increased, the hull of a flying boat can become rela- 
tively smaller and retain ample proportions for sea- 
worthiness. The drag therefore becomes of less and 
less consequence In relation to the drag of the wing. 
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The length of the tall extension oan probably be changed 
aoroevhat to vary the actual tall area required without 
sensibly affecting the drag of the hull. 

The absolute clearances of the wing and propellers 
above the load water line Increase -with the size of the 
airplanes. " The' clearance of the bottom .of the wing in 
proportion to the hull dlinensions is slightly less as the 
size increases; the clearance of the propeller tips in 
proportion to the propeller diameter becomes greater as 
the size and number of .engln&s are increased. 

Take-off Performance.. 

• The. power loading of, the three designs, primarily 
determined by the engines available end the- long-range 
performonce required, is relatively high for take-off; 
therefore,' the question remains- as to whether the- water 
resistance of the low-drag hulls will limit their func- 
tion as' a. landing gear. The approximate take-off 
performance and trend with size may be cal6ulated from 
thje data' for model 8ij..-EF-3 (reference h). 

Frocedure. - Take-off calculations were made by using 
the data of reference L and the assumed values of aero- 
dynamic lift and drag coefficient plotted in figure 12. 
The thrust was estimated from the data of reference 6 and 
gear ratios for the four-blade propellers were assumed to 
give 'the same .thi'ust per, horsepower with the three sizes 
of propeller. The hulls were assumed to be free to trim 
up to a speed beyond the hump at which the trim dropped 
•to 5°, the trim being held at this value for the remainder 
of the take-off .. - The take-off speed at 5° trim (9*^ angle 
of attack of the wing) is approxlirately 96 miles per hour. 

Results . - -The curves of the computed values of air 
drag, total resistance, and thrust, along with the 
graphical determination of the take-off time and dis- 
tance, are shown in figures 15 to 15 • The curves indi- 
cate that, for large low-drag flying boats such as those 
under consideration, the critical point In the' taJi-e-off 
is at the hump speed rather than near take-off speed and 
■that the assumed power plants are sufficient to provide 
reasonable take-off times and distances for such large 
airplanes. The pertinent hydrodynamic data at the hump 
speed from the calculations are 
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- ' ' ' ' ■ ■ "'■ ' . " • ■ 

Shearwater- Gannet Albatross ■ 

Trliti, degrees'.. ,.. . I0.7 1.0. J 10.1 

'L6ad Qtn "water, pounds ibl,QOO'236,000 360,500 
Hatlo' load on water to ■ 

gross weight . .■ . 0.0^2. O.786 ■ 0.752. 

Water resistance., pounds . . . 23 ,000'. 52,liOO ■.■7?jiP00 
Ratio load on water to 

water resistance 'Ii..38. ' '1l.50- - U'^ij. .- 

. The tatsl resistance shown is conservative, because- 
the ti>lms at the hump speed end ■ at take-dff a3?e higher 
than best trim and the resistances are uncorrected for 
the de-crease In the coefficient of akin friction T;ith 
increase In Reynolds number (reference 7)' estimated 
times and distances become less as the size of the air- 
plane Is Increased, an indi<3atlon that there is no reason 
to expect an unforeseen take-off problem for the larger 
flying boats. 

W5 th constant wing and. power loadings, the favorable 
effect of size on the take-off performance Is mainly a 
Proude number effect; Jn 'other words, the larger hulls 
operate at relatively lower speeds with respect to their 
dimensions. This favorable effect is brought out clearly 
in figure I6, in which the forces involved are reduced 
to nondlmenslonal form by dividing them by the gross 
weight. As tha size is Increased the hump speed becomes 
higher. As a result, the load on the water is lower, 
the load.- re si stance ratio is higher, and the acceleration 
through the critical region la greater. The larger air- 
planes also take off at lover Froude numbers, and their 
high-speed resistances are relatively lower because they 
do not reach the Froude number at which the frlctlonal 
resistance of the afterbody becomes predominant. 



CONCLUDING REMARKS 



The results of the investigations described indicate 
the practicability of the present form, of flying-boat 
hull up to a gross weight of 500,0C0 pounds and support 
the validity of the design principles proposed. As the 
gross weight Is increased, the volvime of the hull becomes 
relatively less, so that the benefits of moderate hull 
loadings can be attained without undue penalty in weight 
and drag. The increment in drag caused by an adequately 
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deep step la small6i» thari la" the probable Increment caused 
by unavoidable roughness .on the full-size airplane. Close 
adherence to the form of a streamline body and a favorable 
disposition of the chines vlth respect to the flow result 
In drag coefficients largely attributable to the skin 
friction. Padlcal departures from the form for minimum ■• 
drag, or forms having excessive surface area, will not 
In general be desirable for high-performance airplanes 
regardless of their hydrodynamlc advantages. 

Landing gaars for landplanes have become relatively 
heavier and- gro'und pressures with conventional arrsuigementa 
have become higher as the grosa Fel.gl;it has increased. 
The, gears for gross weights above il;6,600 pounds have not 
yet made their appearance but will probably talce the form 
of multiple wheels or caterpillar treads to reduce the 
concentration of. stresses in the airplanes and runways. 
The hull of the flying boat, 'aside from its Inherent 
ability to take off and land at sea, provides an immediate 
solution for the landing-gear problem of large long-range 
airplanes. 



Langley Memorial Aeronautical Laboratory 
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TABLE I.- LOADINGS AND DESIGN ASSUMPTIONS HELD CONSTANT 
FOR TEIE THREP; PRELIMINARY DESIGNS 

Power plants - radial air cooled: 

Power loading, take-off, lb/hp ' I6.67 

Power loading, cruising, lb /hp ........ 27.75 

Fuel consumption, Ib/hp-hr O.I4.3 

Propellers - constant speed: 

Number of blades Foxir 

Tip speed, take-off, fps IO3O 

Wing - NACA low-drag section: 

Wing loading, full-load 

gross weight, Ib/aq ft h^*^ 

Aspect ratio S.93 

Taper ratio 2.373:1 

Horizontal tail - NACA low-drag section: 

Volume/(Wing area x M.A.C.) O.30O 

Aspect ratio 3>9 

Taper ratio 2.ij.6;l 

Center of T>ressuz>e, percent root chord 23 

Vertical tall - NACA low-drag section: 

Volune/(Wing area x Sinan) ^'^P^ 

Aspect ratio I.I1.8 

Taper ratio 2.09:1 

Center of pressure, percent root chord 23 

Hull: - 

Gross-load coefficient .... 0.70k 

Coefficient k O.0590 

Ratio of length to maximum beam 8.bl{. 

Ratio of depth to maximum beam 1*23 

Ratio of cargo space to 

gross weight, ou ft/lb O.Oij.39 

Center-of-gravlty position: 

Mean position, percent M.A.C 30 

Forward of step, percent maximum beam .... 20. 03 
Above keel, percent maximum beam 83*33 
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TABLE II.- DATA AND DIMENSIONS FOR THE 
"■ ■ THREE PRELIMINARY DESIGNS 

Shearwater Gaimet Albatroaa 

Full-load gross weight, lb . . . 120,000 3O0,OOO M30,000 
Power plant: 

Number of engines Four Six Eight 

Horsepower, per engine .... 18OO 30OO JoOO 

Horsepower, take-off 7200 l8,000 2S,300 

Horsepower, cruising, at 

altitude of 10,000 ft . . . I1.52O 10,800 17,500 

Propellers : 

Diameter, ft I5.2 18.O I9.O 

Activity factor per blade .... 67 125 115 

Wing ! 

Area, sq ft 2657 7lk3 ll,i;50 

Span, ft 160 255 320 

M.A.C, ft 19.1 30.2 38.2 

Hull: 

Length, ft 130. 3 177-2 207.5 

Maximum beam, ft 15.1 20. 5 2i4..0 

Beam over chines, ft . . . , . 15.9 I8.8 22,0 

Depth, ft 18.9 25.6 30.0 

Space for cargo, cu ft .... 550O 13,700 22,000 

Center of gravity: 

Distance forward of step, ft . 3.15 ^•27 5*00 

Height above keel, ft 12.6 I7.I 20.0 

Tall surfaces; 

Vertical area, sq ft 200 60O 1100 

Horizontal area, sq ft 36O 1100 2000 

Tall moment arm, ft ....... 76 98 IO9 

NATIONAL ADVISORY 
C01^^^ITTEE POR AEROKAUTICS 




Figure 2.- Lines of NACA model 155 flying-boat hull. 
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Figure 3.- Frontal-area drag coefficients of MCA model 155 flying- 
boat hull as determined in the NACA two-dimensional low-. turbulence 
pressure tunnel. Reynolds number, 22,5 x 10°. 
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Figure 4,- Hydrodynamlo stability characterlBtlcs of th.e 400,000-pound 
cargo airplane as determined from tests in NACA tank No. 1 of 1/16- 
slze powered dynamic model. Flaps deflected 20°, 




Figure 5.- Lines of NACA model I80. 
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Piffure 6.- Three-view drawing of Shearwater. Gross weight, 

120,000 pounds. 
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Fig. 7 
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Figure 7»- Thi*ee-vlew drawing of Gannet. Gross weight, 

300,000 po\ind3. 



NACA ARR No. L4I12 
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PigiiTe 8.- Three-view drawing of Albatross. Gross weight, 

it.80,000 pounds. 
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Fig. 9 
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Fig. 11 





Plg;ure 11.- Effect of gross weight on size of hull relative 

to wing with constant wing loading and hull load coefficient. 
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Figure 12.- Assxmed lift and drag coefficients for take-off calculations. 

Angle of wing setting with reipect to trim base line, 4°. 




Figure 16,- Comparison of air drag, total resistance, and thrust 
divided by gross weight for the various sizes of airplane. 



3 1176 01354 2A 



